Abstract. The Schmidt lobster eye design for a grazing incidence X-ray optics provides a field of view of the order of many degrees, for this reason it can be a convenient approach for the construction of space X-ray monitors. It is possible to assemble Schmidt lobster eye telescopes with the dimensions and focal lengths acceptable for nano-class satellites. In this paper, a draft of nano-class space mission providing monitoring of specific sky areas is presented. A preliminary optical design study for such mission is performed. Two of possible optical designs are presented, for which the field of view, the effective input area and other basic optical parameters are calculated. Examples of the observed images are also presented.
INTRODUCTION
At this time, several X-ray telescopes work on satellites that orbit the Earth, performing observations and measurements of the sky in X-rays. Most of them are intended for observations pointed to a single source. These systems allow precise measurements of the selected X-ray objects.
However, for better understanding of some astrophysical processes, another class of X-ray telescopes is also necessary. These telescopes are usually called "monitors" and they are intended for permanent monitoring of the selected sky areas or, in the ideal case, of the entire sky. In this paper, a draft of such a mission and a preliminary design study of its optics are presented. The idea of the mission is based on a small and relatively cheap satellite of nano-sized class.
A Schmidt clone of the lobster eye optics (Schmidt 1975; Hudec et al. 2003 Hudec et al. , 2007 ) is proposed to be used here. The Schmidt lobster eye (SLE) represents an X-ray optics of reflective type, i.e., composed of reflecting surfaces (grazing incidence optics). The optics consists of two sets of mirrors, one set is vertical and the other is horizontal. In each set, flat mirrors are arranged in a uniform radial pattern around the perimeter of a cylinder. SLE optics provides a large field of view, up to ∼ 100 square degrees (Schmidt 1975) . It is possible to assemble the Schmidt lobster eye in various scales of dimensions, including also dimensions and focal lengths acceptable for nano-class satellites. The prototype SLE, called P-25, assembled in Rigaku Innovative Technologies, Europe, was presented in the papers by Tichý et al. (2009ab, 2011ab) . This prototype has a focal length of 25 mm and outer dimensions of 35 × 35 × 50 mm, which are acceptable for nano-class satellites.
A nano-sized satellite does not seem to be able to perform all-sky monitoring with acceptable sensitivity. However, as it has been suggested by Tichý et al. (2011ab, 2013a , such a satellite can be pointed to a specific area containing a large number of sources. Suitable areas could be, e.g., the Galactic center or the Large Magellanic Cloud (LMC).
It should be mentioned that fixed pointing in this case does not mean that only single sources could be observed. A wide field of view allows us to take the light curves of plenty of the sources at once and detection of transient events in a specific area. For example, in the case of the LMC or pointing to the Milky Way's center or other directions in the Galactic plane, observations up to tens of sources can be performed despite of steady attitude or switching among several fixed attitudes.
SPACECRAFT
CubeSat 1 seems to be the easiest and the cheapest approach to the spacecraft concept. The basic unit of the CubeSat spacecraft has diameters around 10 × 10 × 10 cm, and the specific multiples of these basic dimensions are allowed. These multiples are 0.5, 1, 2, 3, and also allowed is a larger spacecraft using 3 × 2 units. To get small grazing angles, the focal length should be kept at a value around 25 cm as in the case of the prototype SLE P-25 (Tichý et al. 2009ab, 2011ab) .
Since the focal length of the optics is supposed to be kept around 25 cm, three cube units, each of approximately 10 × 10 × 30 cm 3 , have to be reserved for the telescope. An additional space is required for the spacecraft's systems, such as control, communication, power system, etc. Therefore, the spacecraft has to be of the maximally allowed dimensions 3 × 2 × 1 cube units, i.e., approximately 30 × 20 × 10 cm 3 . The concept of the arrangement of such a spacecraft is depicted in Fig. 1 .
As mentioned above, three cube units (∼ 10 × 10 × 30 cm 3 ) are supposed to be reserved for the telescope. Since attitude sensing with an accuracy of the order of arcminutes is necessary, a star tracking camera as an attitude sensor is foreseen. Therefore, one cube unit (∼ 10 × 10 × 10 cm 3 ) has to be reserved for such a camera. An example of the star tracking camera that could be used in this case is the Digital Imaging Space Camera (DISC) 2 which is designed specifically for nano-satellites and is sized to fit one cube unit of a CubeSat. Two cube units (∼ 10 × 10 × 20 cm 3 ) remain for other systems, such as power, control, communication, etc. Two units should be sufficient, because CubeSats commonly are of one unit size and they contain these systems. A detailed technological study is the subject of further research. 
THE TELESCOPE
The presented spacecraft study has shown that, compared to P-25 (Tichý et al. 2009ab, 2011ab) , the distance between the front of the optics and the focal plane can be extended to 335 mm, and the input area can be increased to 8 × 8 cm. The mirror depth is supposed to remain at 24 mm, as in the prototype P-25. Taking the 5 mm distance between the front of the optics and the active area and the 5 mm distance between active areas of the vertical and the horizontal subsystems, the corresponding focal lengths of the subsystems are 318 mm and 289 mm, respectively. It is supposed that a commercially available flat thin glass will be used. Thus, our design study was performed for glasses of two available thicknesses, 100 µm and 280 µm.
The optimal design according to the guidelines described above was found by a simplified ray-tracing procedure (Tichý 2013b) . Using of gold coating of the same properties (e.g. microroughness) as in the case of P-25 was supposed. The parameters were optimized to get the effective area as large as it is possible at a photon energy of 1 keV. For the design A, the following parameters were found: mirror thickness 100 µm, 100 mirrors per set, average mirror spacing 0.8 mm between the central planes of the mirrors. For the design B, the parameters are the following: mirror thickness 280 µm, 72 mirrors per set, average mirror spacing 1.1 mm between the central planes of the mirrors.
The resulting images obtained by a simplified ray-tracing procedure (Tichý 2013b ) at a photon energy of 1 keV are shown in Fig. 2 . The levels of gray are in the logarithmic scale and they correspond to amplification of the incoming flux (i.e., gain, defined below by Eq. 3) in a corresponding point. The calculated field of view of both designs reaches 7.2
• × 7.9
• . To obtain some values of the basic optical parameters, the focal spot has to be defined first. In this paper, the focal spot is defined as the FWHM area around the highest peak, i.e., all pixels of intensity equal or larger than one half of the level of the highest peak and lying around this peak form the focal spot. Let us denote the size of this area with S s . The dependence of the focal spot size S s on photon energy for both designs, A and B, is shown in Fig. 3 .
Let a Schmidt lobster eye be irradiated by a parallel X-ray beam of a constant intensity, and let this beam be aligned with the optical axis of the SLE. Now, let us define the flux of incoming photons, ϕ in , in a common way,
where N in is the number of photons coming through an arbitrary area S per time t. Let per the same time t the number of photons, N s , come to the focal spot, i.e., the average photon flux ϕ s in the spot Then, the dimensionless value of gain, G, representing amplification of the flux in the spot, is defined as the ratio of these two fluxes, i.e.,
It is also possible to interpret the gain as concentration factor. The dependence of gain on photon energy for both designs is shown in Fig. 4 . The effective input area S e is calculated as
Its dependence on photon energy is shown in Fig. 5 . Because the focal spot is approximately square and the entire image is complex, the ability of the imaging system to resolve between two sources does not depend not only on their angular distance but also on their arrangement. It is worst if the sources are arranged vertically or horizontally, and it is best when the sources are arranged crossways.
A rough estimation of the angular resolution can be done through the middle FWHM calculated as
At energies 0.5 to 2 keV, this method yields the angular resolutions ∼ 5 ′ for the design A and 6 ′ for the design B. As a detector, a CCD with passive cooling is expected to be used. For the mission, CCDs of resolution 1024 × 1024 pixels with an active area of 37 × 37 mm 2 are available. Four such detectors can be formed to square off a total active area of • × 7.9
• . The horizontal axis is aligned with right ascension and the vertical axis with declination. The dimension is scaled is millimeters in the focal plane. The levels of gray correspond to the measured flux. The scale at the right-hand side is in number of photons per second per cm 2 in the corresponding point of the detector. 74 × 74 mm 2 with negligible dead area. The quantum efficiency is almost 100% in the supposed region 0.5 to 2 keV. These performances are excellent, therefore, the properties of the entire telescope are determined mainly by the suggested optics.
The sensitivity per one kilosecond exposure was estimated under the assumption that the object will be detected if at least 100 photons come to the focus. The results of calculations are given in Table 1 and shown in Fig. 6 .
As an example of the obtained image, we performed simulations of imaging in the area of the Galactic center, which corresponds to the field of view 7.2
• . The results are shown in Fig. 7 .
The positions of the sources were acquired from The ROSAT All-Sky Survey Bright Source Catalogue 3 (Voges et al. 1999) . As the source intensities, measured rough values obtained by ROSAT were used, i.e. these values are impaired by the presence of interstellar matter, etc. The instrumental values in counts per second (cps) were converted using a factor of 1 cps = 10.4 × 10 −12 erg cm −2 s −1 , which for soft energies is recommended by the manual attached to the ROSAT data. In our simulations, a simplified ray-tracing method (Tichý 2013b ) was applied.
CONCLUSIONS
In the paper, the draft of nano-class space X-ray satellite and preliminary design study of the optics was presented. The mission would perform a long-term monitoring of specific sky areas, such as the Galactic center or the Large Magellanic Cloud, where plenty of interesting X-ray sources are concentrated. Operation is supposed in the soft X-ray region below 2 keV.
If the acquisition time is of the order of kiloseconds, tens of sources in the above-mentioned areas have sufficient luminosity to be observed by the proposed telescope despite of its small effective input area. A moderate angular resolution of the order of arcminutes should be sufficient to identify the source, although it is not proper for precise measurements of the source position.
The mission can acquire scientifically important data at a relatively low price, namely, the long-term variations of X-ray sources and the detection of transient events could be possible. ACKNOWLEDGMENTS. The research was supported by the European social fund within the framework of realizing the project "Support of inter-sectoral mobility and quality enhancement of research teams at Czech Technical University in
